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(54) LIQUID CRYSTAL DISPLAY DEVICE 
(57)Abstract: 

PURPOSE: To obtain a liquid crystal display device 
which has uniform cell thickness while reducing the pitch 
of a conduction part by dispersing conductive particles of 
size nearly equal to the thickness of a liquid crystal layer 
in a seal material in contact with an upper and a lower 
substrate without contacting one another. 
CONSTITUTION: The liquid crystal display device 
consists of two substrates 1 and 5 between which at 
least the liquid crystal layer is sandwiched, and a seal 
part 3, and conductive particles 4 of size nearly equal to 
the thickness of the liquid crystal layer are dispersed in 
the seal part in contact with the upper and lower 
substrates 1 and 5 without contacting one another. The 
conductive particles use particles formed by plating resin 

balls or AI203 powder with Ni. Consequently, the liquid crystal display device whose upper 
and lower substrates 1 and 5 need to be connected electrically is obtained at high yield while 
the thickness of the liquid crystal layer is uniform, and the conduction part needs to be 
increase in neither area nor interval specially, so a transparent electrode pattern is designed 
extremely easily. 
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[Embodiment l] 

Fig. 1 is a schematic of the upper substrate 1 and lower substrate 2 before assembly. 
Here, 3 is a seal material that contained 8 % by weight of nickel-coated plastic balls 
having average diameter of 7 microns. Fig. 2 represents the items in Fig. 1 in the 
assembled state, with the thickness of the liquid crystal layer controlled to 6.5 microns. 
By assembling the liquid crystal display device in this manner, it was possible to 
concentrate all of the transparent electrode terminals for the upper and lower 
substrates onto the lower substrate, without providing any special upper and lower 
continuity portions. 

Fig. 3 is an enlarged view of the upper and lower continuity sites, showing how the 
nickel-coated plastic balls performed the additional role of spacers. These plastic balls 
added to the seal material in the proportion of 8 % by weight provided the optimum 
conditions for this case, since they have good continuity in the vertical direction but do 
not create any continuity in the horizontal direction. Furthermore their contact 
resistance was around 30 Q per 100 balls, and around 500 plastic balls were contained 
at each 0.7 mm diameter continuity portion. 

[Embodiment 2] 

Embodiment 2 consisted of Embodiment 1 with the further addition of glass fibers 
with average diameter of 7.5 microns to the seal material in the proportion of 4% by 
weight. This made it possible to control the thickness of the liquid crystal layer to an 
even greater degree of uniformity. 

[Embodiment 3] 

Embodiment 3 consisted of Embodiment 1 with the further addition of super-fine 
nickel particulate with average particle diameter of no more than 1 micron to the seal 
material in the proportion of 2% by weight. As shown in Fig. 4, this permitted the 
increase of continuity area and the contact resistance to be reduced to around 20 Q per 
100 plastic balls. 



